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▼In situ hybridization can reveal whether a specific RNA
species is present within an individual cell, and thus can
uncover developmental or spatial heterogeneity within a
population of cells. This issue is of particular interest dur-
ing early mammalian development. Here, the initial gen-
eration of two different cell types, the inner cells and the
surrounding outer cells, occurs bymeans of a cell division in
which the cellular contents are asymmetrically partitioned
(Ref. 1). Only after the two cell types have been generated
do they begin to express different genes. Furthermore, this
divergence in the patterns of gene expression appears to be
gradual. On the one hand, at the blastocyst stage, the pa-
ternal X chromosome is largely transcriptionally inactive
in the trophectoderm (TE), descended from the outer cells,
yet is active in the inner cell mass (ICM), descended from
the inner cells (Ref. 2). On the other hand, although the
α subunit of Na+/K+-ATPase is present only in the TE, the
encoding mRNA is present in both TE and ICM, indicating
that differential gene expression is in this case regulated
post-transcriptionally (Ref. 3). Thus, for gene products that
are differentially expressed in early embryos, it is important
to establish whether and when this cell-type specificity be-
comes established at the transcriptional level.
In situ hybridization provides the most straightforward
means to address this issue, but suffers from certain limita-
tions when applied to mammalian oocytes and early em-
bryos. Owing to their small size (∼70 µm in the mouse),
these cells cannot be easily embedded and sectioned as re-
quired for traditional in situ hybridization. Whole-mount
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in situ hybridization eliminates this problem, but the long
incubation times and numerous washing steps tend to lead
to loss or destruction of the delicate embryos. We rea-
soned that the small size of the embryos could present cer-
tain advantages; specifically, the relatively short distances
that the nucleic acid probes must penetrate might permit
the hybridization protocol to be shortened. We prepared
digoxigenin-labeled antisense RNA probes complementary
to the snRNA, U1B (Ref. 4) and to mRNA encoding histones
H1c and H1e (Ref. 5, 6, 7) and high-mobility group proteins
(HMG) 14 and 17, and hybridized these to mouse oocytes
and cleavage-stage embryos.
The protocol for hybridization and detection was drawn
from Conlon and Rossant (Ref. 8), McPhee et al. (Ref. 3)
and standard techniques for northern blotting (Ref. 9),
with the following modifications. In the fixation step, 3%
paraformaldehyde was replaced by 10% formalin, which in
our protocol produced a stronger signal. The fixation time
was reduced from 3 h to 30 min and the embryos were not
refixed following the proteinase K and glycine treatments.
Also, the washes in acetic anhydride and sodium borohy-
dride and were eliminated. Hybridization was carried out
for a period of 2 or 3 h, using Nunc 4-well tissue culture
dishes (#176740) containing a small volume (250−400 µl)
of solution, so that the embryos could later be easily lo-
cated. This shortened period substantially reduced the loss
of solution due to evaporation, which allowed us to raise
the hybridization temperature to 63◦C, thus increasing the
stringency of the reaction. The probes were used at a con-
centration of 200 ng/ml; lower concentrations were also ef-
fective when the hybridization period was lengthened. The
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FIGURE 1. (a, b, c, d) Cells incubated with antisense probe. (a’, b’, c’, d’) Cells incubated with sense probe. (a, a’) Germinal vesicle-stage oocyte
incubated with probe for the snRNA, U1B; signal in (a) is restricted to the nucleus. (b, b’) Germinal vesicle-stage oocyte incubated with probe for histone
H1c; signal is present throughout cytoplasm. (c, c’) One-cell embryo oocyte incubated with probe for histone H1e. (d, d’) Germinal vesicle-stage oocyte
incubated with probe for HMG14; signal is present throughout cytoplasm but is weak or absent from nucleus. Similar staining was observed using probe
for HMG17 (not shown).
post-hybridization washes were considerably shortened; we
found that 30 min in 0.1 X SSC, 0.1% SDS at 63◦C was suf-
ficient and that RNase treatment was not necessary. We
used standard conditions for immunocytochemistry to de-
tect the digoxigenin: the primary antibody was used at a
dilution of 1:5000.
Oocytes or 1-cell embryos incubated with sense-strand
probes (Fig. 1 a’, b’, c’, d’) displayed little staining, indi-
cating that the blocking and washing conditions were suf-
ficient to eliminate non-specific probe hybridization and
background antibody binding. In contrast, those incubated
with the antisense probes (Fig. 1 a, b, c, d) were darkly
stained, indicating that the 3-h hybridization period was
sufficient. Similar results were observed when this proto-
col was applied to preimplantation embryos, except that
the staining developed more quickly, possibly due to the
small volume of the blastomeres compared to oocytes. We
conclude that this simple and rapid protocol is sufficiently
stringent to prevent non-specific hybridization, while per-
mitting the detection of target RNA species. In addition to
its usefulness in identifying when differential gene expres-
sion becomes established in the early embryo, this protocol
will allow determination of whether specific genes become
activated synchronously in different cells of an embryo or
are expressed in a cell cycle-regulated manner. Also, the rel-
atively large volume of cytoplasm in early embryonic cells
should facilitate studies of RNA transport from the nucleus
to the cytoplasm.
Protocol
1 Fix oocytes or embryos in 10% formalin, 2% glutaralde-
hyde (ICN Biomedicals) (195199), phosphate-buffered
saline (PBS) for 30 min at room temperature. In some
cases, increased signal strength can be achieved by fix-
ing the cells in a low-salt solution (e.g., dilute commer-
cial formalin solution from 10% to 3% using distilled
water) or by adding 0.1% Triton X-100 to the fixative.
Cells are gently agitated during this and all subsequent
steps.
2 Transfer to 0.1% Triton X-100, PBS (PBT) and leave for
15 min at room temperature. Cells may be stored at
4◦C in this solution for at least one week.
3 Transfer to 10 µg/ml proteinase K, PBT and leave for
15 min at room temperature.
4 Transfer to freshly prepared glycine (2mg/ml), PBT and
leave for 10 min at room temperature.
5 Transfer the cells to hybridization solution (see below),
cover and incubate for 1 h at 63◦C.
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6 Transfer to fresh hybridization solution contain-
ing freshly denatured digoxigenin-labeled RNA probe
(200 ng/ml, 5 min at 95◦C). Cover and incubate for
3 h at 63◦C.
7 Wash in 2 X SSC, 0.1% SDS for 5 min at room temper-
ature.
8 Wash in 0.1 X SSC, 0.1% SDS for 30 min at 63◦C.
9 Wash in maleate buffer (see below) for 1 min. Cells
will rapidly rise to the surface and often to the edges of
the dish, where they may be picked up using a mouth-
controlled pipette and returned to the floor of the dish.
10 Transfer to blocking solution [1% blocking reagent (see
below) in maleate buffer (see below)] and leave for
30 min at room temperature.
11 Transfer to alkaline phosphatase-coupled anti-dig-
oxigenin (Boehringer Mannheim) (1093274) diluted
1:5000 in blocking solution and incubate for 30 min
at room temperature.
12 Wash in maleate buffer for 10 min at room tempera-
ture.
13 Wash in alkaline phosphatase buffer (see below) for
2 X 10 min.
14 Transfer to fresh alkaline phosphatase buffer contain-
ing NBT and BCIP.
15 Incubate in the dark at room temperature until the
appropriate colour reaction is detected.
16 Transfer to 25 mM EDTA, PBS to stop the reaction.
17 Mount specimens on microscope slides.
Solutions
Maleate buffer:100 mM maleic acid, 150 mM NaCl, pH 7.5.
10% Blocking reagent: 10 g of blocking reagent (Boehringer
Mannheim) (1096176) added to 100 ml of maleate buffer,
heated to dissolve, autoclaved.
Hybridization buffer: 50% formamide, 5 X SSC, 2% block-
ing reagent, 0.1% sarkosyl, 0.02% SDS.
Alkaline phosphatase buffer: 500 mM Tris, 100 mM NaCl,
5 mM MgCl2, pH 9.5.
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Products Used
Anti-digoxigenin antibody: Anti-digoxigenin
antibody from Boehringer Mannheim
Alkaline Phosphatase: Alkaline Phosphatase
from Boehringer Mannheim
alkaline phosphatase: alkaline phosphatase from
Tropix Inc
Blocking reagent: Blocking reagent from
Boehringer Mannheim
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